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MUCILAGE IN YELLOW MUSTARD (B RASSICA H I RT A) SEEDS 

I. R. Siddiqui. S. H. V!u, J . 0. Jones, and M. Kal.ib 

Food Resea r ch Cen tre, Research Branch, Agriculture Canada 
Otta wa, On tario, Canada KlA OC6 

Release of mucJ !age fr011 yellow JDUstard (Brass lea 
hirta, also IOlown as Sinapis alba) seed coats (hulls) 
was studied by optical and scanning electron •icroscopy. 
Mi crographs were obtained of the aucilage whi ch had 
exuded fr0111 briefly aoistened seeds and dried subse
quently in U1e fora of smll droplets on the seed sur
face. 

TI1e mucllage col lected fr011 the seed surface and 
muci lage isolated on a larger scale frorR seed hulls was 
hydrolyzed with sulfuric acid and the hydrolyzates were 
analyzed for sugar composition. Ga lactose, glucose, and 
galactuT·on.i c acid were found to be ma jor componen ts and 
man nose, a1·abinose. xylose. and rha mnose were minoT' 
components. Indlv ldua I neutral monosaccharides were 
Identified by paper chromatography, and paper electro
phoresis. and finally quantitated by gas- 1 iquid chroll\8 -
tography and characterized by combined gas- liquid chro
•atography c he•lca 1- ionization mass- spectroMetry of 
the derived aldltol acetates. Huci I age fro• both sources 
was found to be ident lea I . 

Initia l paper received April 22 1986 
l\·1anuscript received May 15 1986 
Direc t inquiries to J.R. Siddiqui 
Telephone number: 613 995 3700 x 270 

~ Brasslca hlrta : Carbohydrate composition: 
Light •icroscopy: Mucilage: Mustard; Polysaccharides : 
Sca rming electron •icroscopy; Seed coats; Seed hulls : 
Sinapis alba. 
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Introduction 

Seeds of the genus Brass i ca arc known to contain 
varying a.ounts of •ucilage. The 110cf I age Is of particu
lar Importance in -.!stard seeds because it contributes 
to the consistency of prepared lllllstard (Weber et a l.. 
1974) . Of several 111ustard varif'ti es. yeJ low MUstard 
(8 hlrta) is particularly rich in 11uci lnge and contains 
approxl~~~ately 2% of it (Bailey and No1-ris. 1932; WoOOs 
and Downy, 1980). and for that reason, the sf•ed is an 
lmpoJ·tant Co11111erc ial convnodlty. A simi I A I' muci !age is 
round in rapeseed (Van CaeseeJP et rtl .· 1981 , Yiu et 
a ! .. 1982: Vnn caeseele and Mi lis, 1983). 

In some stored mustard seeds, a s mal J nmount of a 
whitish substance was found on the seed surface. Seeds. 
which had been moistened and immediately dried. were 
found to be glued together by a si milar s ubsta nc e, 
sh01o1.ing thereby that the nmcilage in the seeds rapidly 
exuded following exposure of the seeds to 1110lsture. The 
release of mucilage frcm seeds i11111ersed in water was 
used as an indicator of the presence of the 111uct I age in 
rapeseed cultivars {Van Caeseele and Mills. 1963) . 

Previous cytological studies. ~tli ch were carried 
out using I ight •icroscopy of seed coats (hu 1 Is) In an 
aqueous •ediu• and using electron •Ic roscopy of hulls 
embedded i n a resin revealed that in rapeseed the auci 
laee developed between the plasaaleMMa and the outer 
tangentJaJ wall of the epidermal cells and that at 
maturity, the seed epider.al ce ll s were tota lly devoid 
of cytoplas11 and engorged with mucllap,:e (Van Caeseele et 
a I . 1981 ). 

The present study was designed to examine t he de 
velopment of the efflorescence on the seeds by optical 
microscopy and scanni ng electron mJcroscopy and to com
pare its compos i tion to t he mu ci l age isolated from t he 
seed hulls. The polysaccharide components of the muci -
1 ag- e in mustard seed have been known and contain an 
a1·abina n (Hirst et al.. 1965; Rees and Richardson, 1966; 
Aspinall and Cottrell. 1971). a xyloglucan (Gould et 
al. 1971) (amyloid). and pectic Materials (Rees and 
Wight , 1969). Results of analyses such as chetaica l ioni
zation and mass spectrcnetry are reported in this paper . 

Materia Is and Methods 

~ Seeds of yeJ low Mtstard (8. hirta) were obtained 
frOM the 1980 harvest froa Outlook Isolation (Ref. 80-
7500040-0J). The seeds were exru~ined intact: a part of 
the srunple was gently ground In a Krupp 75 coffee mi 11 
so as to break the hulls away fr0111 the seeds and retain 
the integrity of the hulls at the same t111e. 
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Extraction of mucilage from mustard hulls . Ve l low mus 
t ard hulls (Batch FRI-71 - 29). were extracted with lxli1 -
ing water· (1:16, w/ v) for 35 min and centrifuged at 2000 
rpm for 20 min. yielding a viscous aqueous solution 
(Weber et al ., 1974) . Isopropanol was added to the 
fi 1 trate to a final concentration of 70% (v / v) and the 
resulting precipitate (muc11age A) was separated using 
an organdie cloth. washed with 70% isopropanol, air 
dried, and pu1 verized. 
Isolation of mucilage from hulls of intact mu s ta rd 
seeds . The ye !low mustard seeds were moistened with 
wa"te;- excess moisture was allowed to evaporate, and the 
sticky material on the outs.ide of the hulls was trans 
ferred by gent I y rubbing the seeds on the surface of a 
glass plate. The dried material was isolated by scraping 
the glass surface, dissolved in water. and recovered by 
precipitation in 70% isopropanol (muc i !age B) . 
Chemica1~l~ Gas- 1 iquid chromatography (GLC) was 
performed with a Varian Vista 6000 Gas Chr0111atograph. 
with flame- ionization detectors. glass co1uiJU'I (1524 x 
3 .18 mm i.e . 5 ft x 0 .125 in) packed with 3% OV.225 on 
Chromosorb WHP (80- 100 mesh). a temperature program 100 

-+ 230°C at a rate of 2.5°C/ min and a nitrogen flow rate 
of 30 mL / min. Peak areas were evaluated with a Pye 
Unicam CPD1 Computing Integrator. Combined gas- liquid 
chromatography chemica I - ionization mass - spectrometry 
(GLC- CI-MS) (Horton et al.. 1974) was performed with a 
Fi1migan lncos MAT- 312 system with butane as the reagent 
gas, operating with C I ion Pouree temperature 160°C, 
250 eV, filament emission 0 - 5 rnA. accelerating voltage 
3 kV, electron multiplier 2 kV. scanning range 60- 500 at 
2 s / s c an, and a column (1829 x 6.35 mm i.e. 6 ft x 0 .25 
in) of OV - 225 on Chromosorb WHP (80- 100 mesh). a temper 
ature program 120-+ 230°C at a rate of 5°C/ m.in and a 
helium flow rate of 30 llL/ 111in . Optical rotations were 
measured with a Pe rkin- Elmer 141 polarimeter. 

Descending paper chromatography was performed on 
Whatman No. 1 paper using organi c phases of an ethyl 
acetate- pyridine- water (8 :2:1) or a 1- butanol - acetic 
acid - water (4 : 1:5) system. 

Paper electrophoresis (Haug and Larsen . 1961) was 
performed on Whatman No. 3 MM paper in a borate- calciwn 
chloride buffer (pH 9 .2) at a potentlal gradient of 
14 V/ cm . Sugars we r e detec ted with ani line hydrogen 
phthalate. Concentrations were carried out at 35°C in a 
rotary evaporator. 

Hydrolysis of the mu c ilage samples (2 - 3 mg) was 
performed with 1M sulfuric acid (0. 3 111L) for 3 hat 
100°c or with aqueous 72% sulfuric acid (0.12 mL) at s0c 
for 3 h followed by dilution to 1 M acid and heaUng for 
3 h at 100°C. The hydro I yza tes were neutra 1 i zed with 
barium carbonate. The sugar samples (3 mg or less) were 
reduced with sodium borohydride. and the a1dito1 
acetates were acety!ated essentially as described by 
Bjorndal et al.. (1967) except that the acetylation was 
carried out at 100°C for 1 h followed by storage over
night at 22°c. Portions (2 - 3 mg) of the hydrolyzed 
sugars were fractionated on columns (70 x 5 nvn) of Dowex 
lx2 (CO~ -)- Elution with water (5 mL) yielded neutral 
fractions which were concentrated, reduced with sod i l.Jll 
borohydride, acety1ated. and examined by GLC and 
GLC- Cl- MS. 
Light microscopy, Mature yellow mustard seeds were fixed 
in 5% glutaraldehyde in 0.01 M potassiUIII phosphate buf
fer, pH 7.2 at 4°C for 48 h. After fixation, the seeds 
were mounted on cold object discs and frozen in Histo 
Prep medium (Fisher Scientific Co .. Fair Lawn, N. J.) at 
- 20°C. Frozen sections, 6- 8 }Jm thick. were Cl1t f rom t.._l-)e 
seeds using a Reichert -Jwlg Cryo-cut E microtome. Alter-

natively, the fixed seeds were embedded in glycol meth
acrylate (GMA) resin as described by Y!u et al . (1982). 
They were dehydrated !n an alcohol series in the order 
of methyl cellosol ve, ethanol. n- propanol. and n-butan
ol . The dehydrated seeds were then infiltrated with GMA 
monomer for 3-5 days prior to polymerization at 60°C in 
gelatin capsules. Sections 2 um thick were cut using 
glass knives in a Sorvall Porter- Slum microtome, affixed 
to glass slides. and stained with one of the following 
dyes: 

Toluidine Blue 0, 0.05% (w/ v) in 0 .1 M potassium 
phosphate buffer, pll 6.5, for 1- 2 min. After staining, 
the sections were briefly rinsed in distil led water, 
air- dried, moun ted in immersion oi 1. and examined using 
brightf ie1d i 11umination. 

Ga1cofl uor White, 0.01% (w/v) aqueous solution, for 
1- 2 min . The sections were rinsed in water. air-dried, 
mounted in non - fluorescent immersion oi 1. and examined 
for fluorescence using fi iter system FC I (see below). 

Congo Red. 0.01% (w/v) aqueous solution. for 1- 2 
min . The sections were briefly rinsed in water, dried, 
mounted in non- fluorescent immersion oil, and examined 
for fluorescence using filter system FC III (see below). 

F1uoresceinated wheat germ agglutinin. The sections 
were incubated with 1.2 mg/ flL of f iuorescein- labelled 
wheat germ agglutinin (Cedarlane Lab. Ltd., Hornby, 
Ont .• Canada) in 0.01 M sodium phosphate buffer, pH 7, 
at 22°C for 1- 2 min. Stained sections were rinsed 
thoroughly with distilled water. air-dried, mounted in 
oi 1, and examined under the microscope using f 11 ter 
sys tem FC II (see below) . 

The sections we r·e examined using a Zeiss Uni versa! 
Research Photomicroscope equipped with both a conven
tional brightfield illuminating system and a III RS epi 
j t luminating condenser combined with an HBO 100 W 
mercury - arc illuminator for fluorescence analysis. Three 
fluorescence fi 1 ter con~binations. each with a dichromat
ic beam splitter and an exciter / barrier filter set for 
maximum transmission at 365 nm/ >418 nll (FC I) , 450-
490 nm / >520 nm (FC II), and 546 nm/>590 nm (FC III), 
were used for fluorescence examination . Phot0111ic rographs 
were taken on Kodak Tri - X pan film. 
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Scanning electron microscopy (SEM}. Dry yellow mustard 
seeds were examined intact . They were also cut in half 
and the hulls were separated and lllOunted for examination 
of their outer and inner surface s . In parallel experi 
ments. seed hulls were extracted with 3 changes of 
lxli 1 ing water for the total time of 3 h. The extracted 
hulls were dried in air and prepared for SEM. 

Release of muci I age from the seeds was studied in 
seeds ~ich had been spread in a single layer on filter 
paper moistened with disti 11ed water in a Petri dish; 
the seeds were dri ed over concentrated sulfuric acid 
following exposure to moisture for 1, 2. 3, and 4 h. The 
s eeds and separated seed hulls were prepared for SEM by 
mounting on aluminum stubs using silver cement and coat
ing with gold (approx . 20 nm) by vacuum evaporation. The 
seeds and hu 11 s were examined in a Cambridge Stereoscan 
Mark I I seaMing electron microscope operated at 20 kV . 

Results and Discuss ion 

One of the si~r~plest 111ethOOs of detecting the pres
ence of mucilage in mustard seeds is by wetting the 
seeds with water and examining them under a stereomicro
scope several minutes later. The appearance of a gelati 
nous halo surrounding the wet ted seed indicates the 
presen(;e of mucilage on the seed surface . More elaborate 
microscopic techniques were required in order to exa11ine 
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the structure of Mucilage in detail. Several •icroscopJc 
Methods were used for the detection of yellow •ustard 
•uci !age In t his study. 

Toluidine Blue 0. a •etachro•atic dye whi c h was 
found to be useful for staining various plant structures 
(O'Brien et aJ., 1964. and Viu et al. , 1983) includ tnr 
•ucilage in rapeseed. B. ca•pest r i s cv. Candle (Va n 
Caeseele et at., 1981). W'ls used for staining GMA sec
tions of the yellow mustard seeds. Microscopic exaMina
tion under brightfle l d ill umination revealed a swollen 
epidermis. t he outer seed coat l ayer of the seed, with 
vis ibl e p ink striated contents and th ickened ce l l wa ll s 
(Fig. l) i ndicating t he presence of mucilage. Fl uo 
rescence mi croscopy wa s used to achieve a higher resolu
tion of the structures. Several fluorescent dyes or 
reagents (Ca l cofluor Wh ite, Congo Red , and fluorescei n
ated wheat gen. agglutinin) that have known affinities 
for specific polysaccharides (Viu et aL, 1982, Hill er 
et al.. 1984) were eM ployed in this study. Whil e all 
three reagents were useful in detecting the presence of 
•ucJ lage in the frozen sections o f the IIUstard seeds. 
CalcofJuor White was the only effective fluorescent 
aarker for the GMA sections. <Xle such section stained 
wJth Calcofl uor Wh ite Is demonstrated In Pig. 2. t t 
shows the structural relationship bet~en •ucUage and 
the rest or the seed coat layers. The structure of the 
mustard seed has already been described elsewhere (Win
ton and Winton, 1932: Vaughan et al., 1976) and will not 
be repeated he re. Briefly, the mustard seed coat (hul l ) 
consisted of an epidermal layer where muciJage wa s de 
tected. a sub-epide rmis, a palisade layer, and a pigment 
I ayer . The a I eu1·one l aye r· of t he e ndosperm remained 
assocIated wJ th the seed coat during dehuJ ling. AI though 
Congo Red had been shown to stain mucilage wel l In GMA 
sections of both rapeseed (Yiu et aJ., 1982) and orien
tal IIIUSta l'd seeds (Holley et al., 1983). it failed to 
stain the GHA sect Ions of yelJ ow raustard seeds. It is 
not certain wh ether this finding reflects any che~~~ical 
or dye- aff In 1 ty differences between the • uc I I age of 
yellow •ustard and •uci I age of rapeseed and oriental 
MUStard. More studies are required i n order to under
stand the .echan Is• of Interaction between Congo Red and 
different varielles of 111.1cilage. On the other hand. it 
could be speculated that owing to the relatively large 
MOlecular Size of f htoresceinated wheat genn agglutinin , 
the l ectin was not able to penetrate the GHA resin 
easily and. consequently , did not stain the mucilage as 
well as it did Jn the frozen sections. The findings were 
similar to resu lts obtai ned wJ th rapeseed sections which 
were used as contro 1 s. A I though the use of f 1 uoresce1 n
ated wheot germ agglutinin was thus limHed to frozen 
sections, which did not reveal s tructural details be
cause of theJr thickness, t he lect in served as a speci 
fic probe stai ning no other seed coat structures but the 
muci lage (Fi g. 3). Beside::;, informative results can be 
obtained from frozen sections within a relatively short 
tiae (1 -2 days) as co11pared with GHA sections whi ch 
require more t ha n a week to coMplete the sample prepara
tion procedures. In spite of being relati ve ly rapid and 
silllple to perforM. the teclmiques of light •icroscopy do 
have sa.e disadvantages. Aqueous fixation is usually 
required for sa.ple preparation. Fixation using g lutar
aldehyde vapour is possible but is not as effective as 
glutaraldehyde solution. In addition, 110st of the stain
ing Methods use aqueous solutions . The presence of water 
naay lead to t he ettergence of •ucilage at the seed sur
face that does not occur i n dry seeds and thi s can be 
rega rded as an artefact. 

Scanning eJ ectron 111i c roscopy (SEM) was used to 

1 

Fts. 1. A Toluidine Blue (}-stained uctton of a yelLow 
.us tard seed coat eMbedded in sl yc ot Atthacryla.le show
ins the striated structure of MUci la.st ( Jtl ). 

Fis. 2. A Calcofluor Whtte-s tained sedlon of yellow 
~a~~s tard seed eabedded in st.vcol •ethacry late showlns the 
st r uctures of the seed coa t , 'tf.lhi ch consis t of a .uclla
sl noo s eplder•i s CM J, a sub-epiderMi s fSEJ, a. pali sade 
Layer fPU. a pis•umt layer CPG), a.nd an aleurone la.yu 
(AJ..). 

Fis. 3. A frozen section s tained with fluorucel nated 
wheat sent asslutinin showins the pre se nce of IUI.ci Lase 
OfJ at the seed coat surface . 
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Fi g 5. Muci I age l arrowJ c ea~en tif18 two y i!'L l ow IW Sfa rd 
s uds ( a s leri ~ ks J followins t heir uposuu l o • oi sture 
for 4 h and drying . 

Fig. 6 . lnt er no.l surface of an intact seed hull . Regular 
Jer-re ss ions ar e mc; rk..?d with ast er i.'sks. Ar rows point to 
f i ne wri nkl i ng of the surface. 
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fig. 4. Mu ci Lase e• used f ro• the hu. l L 
o f a seed •ols t ened f or I h a nd sub 
sequentL y dri ed. 
The muci Lase Is in the f orm of I ndivi
dual minute droplet s (a rrows) or in the 
f orm of dropl et s coal esced Into a s tra t 
ified cover fC). I n thi s s tereo J)tlir of 
mi crograph s (12° anguLar se paration), 
1\l() dot s have bee n prov id ed t o fa c ili
tat e f ocu ss ing of the eyes . 

100J.L m 

fig. 7. ,'fechan ical r ellOval of the i M tr Lin ing f ro. the 
I nt erna I surface of a seed hu L I revea I s broken ce I I s 
l arr(fWS) . 

Fig . 8. Int erna l surfa ce of a sud hull ex tracted with 
boil i ns wa t er f or J h and sub se quent ly air-dried . 
Dep~ess i on s (as t er isk s) in t he surftJce and fi ne wrin
kl ins f arrows } are s imil ar lo those in an i ntac t hull . 
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record the exudation of •uci lage from a seed exposed to 
•oisture for 1 h and the result is s hown in a stereo 
pair of Mi crographs (Fig . 4). This trea~ent altered 
the seed s urface coMpared to the iMages o f untreated 
seeds shown by Mulligan and Bailey (1976). In so•e 
places on the seed surface. small droplets of t he •ucl 
lage had a lready s tarted to coalesce and form a s trati 
fled IIUCilage cover : coalescence of the awci lage drop-
1 ets \OC S comon to seeds exposed to ~oisture for per lads 
longer t han 1 h . Th e emergence of the muci l age fr·om 
iso la ted hull s wa s also observed and resembled the emer 
gence of muc ilage from rapeseed as documented by Van 
Caeseele and Mil Js (1983) . A compact layer of muc ilnge 
dried on the seed surface ( 4 h exposu re to moisture) Is 
s hown in Fig . 5. It wa s this layer of 111ucllage. wh ic h 
was the subject of the present study. The mu ci I age was 
iniUally isolated by gently scraping the drled seeds 
but later a ~aore ef f icient technique was developed 
whereby wet seeds were rolled on a glass plate and the 
lllllci I age thus transferred fro. the seeds to the glass 
plate was dried and scraped off for analysis. 

The inner surface of the hulls wa.s also exa111ined by 
SEM. The surface of an intact hull is shown in Pig. 6 . 
There are depressions in the surface wh ich appears as if 
coated with a finely \oloTinkled filii. This fi 1• can be 
obse r ved by a naked eye as a whit ish .ater ia I and can be 
eas ily reJnOved with a pair of tweezers. Its mechani ca l 
removal exposed the underlying ce l ls (Fig. 7) . Exposure 
of the hull to boiling wa ter for 3 hand consecutive 
air- drying did not niter thi s surface to any consider·a 
ble extent (Pig . 8) except that the depress ions aN• 
so 111 ewhat deepe r . The eme r gence of t he muci !age from 
hulls lmm(H'Sed In water was observed only on the ou tCJ' 
hul I surface and was not observed on the inner surface. 

Rt!Sults of cht'fii JcaJ analyses followin1: hydrolysis 
of t he muc ilage with I M as well as 72% sulfuric acid. 

Tab ) e 1 
ANALYSIS OF YELLOW MUSTARD MUCILAGE 

Fraction 
Optica I rotation 
[a] 0 (0.1 M NaOit ) 0.:_5° 0,:5° 

Hydrolysis r~ su lt s • : 

Ga lactose major major 
Glucose 11ajor ma jor 
Man nose mi nor minor 
Arabinose mi nor minor 
Xylose mi no r minor 
Rhamnos e minor minor 
Ga lactui'Onlc ac ld + 
Aldobiuroni c ac id 

Anal yt i cal data {%): 

N o. 97 o. 22 
Ash 6.85 5. 96 

."'olsture 7.13 8.80 
Acetyl 0 . 00 0.00 
Me thoxyl 2.24 1.88 
Uronic acid 30.50 18. 19 

,. Ob ta ined bv paper chrOfllatography and paper e lectro
phore sis. 

161 

paper chro•atograph y. and paper e l ectrophoresh are 
presented i n Table 1 . The results indicate that the 
.aterials were free fr~» low molecular weight sugars and 
were essential l y free fr011 protein contaMinants. The 
analytical data . [a]0 values , and the hydrolysis lGLC
CI-MS of the derived alditol acetates) confirMed the 
idenUty of the component sugars and Ind icated the molar 
proportions of the parent neutral sugars. constituting 
sa11ples A and B. to be very c l ose. A typical gas chro
matogram of the a Idito l acetates from rnuci I ages A and B 
h shown in Fig. 9 and data are swnmar· ized ln Table 2. 
This evidence demonstrates that the two sampl es were 
l denli ca1 materials except t hat mucilage B had algnHJ 
cantly lower pec tin and protein contents (Table 1) . 

ThP. hydrolysis data further revealed certain as 
pects of the polysaccharide composition of t he Mucilage. 
The presence of uronic acids, and rhamnose res idue, and 
possibly an a ldobiuroni c acid, probably the COIMionJ y 
occurring (1-t2) 1 inked (galactosy luronic acid)-rhamnose. 
showed that a .ajar portion of the .ucilage is composed 
of polysaccharides of the pectic type. The presPnce of 
g l ucose. galactose, and xylose residues and the differ
ent galactose and glucose ratios (1 :0.23, M 11 2so4 : 
1 :0.62, 72% H2so4 , mu c ilage A) and (1 :0.3 1 , M H2so4 : 
1:0.72, 72\. 112so4 . l!flUCi !age B) were indlcat1ve of the 
presence of a xyloglucan (a•yl o id) . These differences 
originate from different degrees of hydroJ ysJs of the 
cel lul ose backbone in amyloids . Both polysaccharides 
have been reported i n 111ustard (Gould et al., 1971: Rees 
and Wi ght, 1969). 

Tilt! present results could not demonstrate unequivo 
c a I I y the PT'esence of an arab! nan comp one nt but the 
presence of arabinose residues in conjunction wl th I I te 
rature reports (Aspinall and Cottr·ell. 1971, llirst et 
al., 1965, Re($ and Richa rdson. 1966) :-;trong ly sugges t 
that the arabinan was also present. 

A 

-
B 

J~ A A 

60 50 40 30 20 10 0 
min. 

Fig. 9 . Gas-liquid chrollllltogr(lllts of neutral susars. in 
the fora of their alditol acetates. as obtained after 
hydrolys is with 72% HzS04. Relatlv~ retention ti11es are 
l l,ted in Table 2. A =yet low mus tard hulL muci loge: 
D =yelLow mu s tard muci lase st raped fr otn the sud 

sur fa ct. 
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Table 2 
ANALYTICAL AND COMBINED GAS- LIQUID CHROMATOGRAPHY CHEMI CAL IONIZATION MASS SPECTROMETRY (GLC- CI - MS) 

DATA FOR SUGARS FOLLOWING HYDROLYSIS (72% H2S04). REDUCTION, AND ACETYLATION 

Acetate of Retention time rela- Molar 

tive to galactitol A 

Glucitol 1.02 0.62 
Galacti tal 1.00 1.00 
Manni tal 0.98 0.29 
Xylitol 0.85 0 . 08 
Arabini tal 0.80 0 29 
Rhamnitol 0. 74 0. 20 
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